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VSHHGUDWLRRIWKHJHDUVWKHQZLWK6DOJDGR>@DQDO\]HGWKHSRZHUIORZDQGWUDQVPLVVLRQHIILFLHQF\RISODQHWDU\
JHDUV WUDQVPLVVLRQ ZLWK PXOWLPHPEHUV EDVHG RQ JUDSKLFDO UHSUHVHQWDWLRQ PHWKRG /DXV DQG 6LPDV HW DO >@
DQDO\]HGWKHWUDQVPLVVLRQHIILFLHQF\RIGXSOH[SODQHWDU\JHDUVWUDQVPLVVLRQE\JUDSKDQGVFUHZWKHRU\&KHQ;LDRDQ
DQG&KHQ+RQJ>@SURSRVHGDQDQDO\VLVJHRPHWULFPHWKRGDSSOLHG WR WKHNLQHPDWLFDQGHIILFLHQF\FDOFXODWLRQRI
FRPSRXQG SODQHWDU\ JHDU DQG WKHQ /L<XQVRQJ >@ LQWURGXFHG WKDWPHWKRG WR DQDO\]H WKH FRPSOH[ DQG FORVHG
SODQHWDU\JHDUVWUDQVPLVVLRQZLWKWKHP&&KHQ>@DQDO\]HGWKHVSOLWSRZHUDQGWUDQVPLVVLRQHIILFLHQF\EDVHGRQ
WKHWKHRU\RIYLUWXDOVSOLWSRZHUDQGDSSOLHGWKHQHZFRQFHSWRIWKHVSOLWSRZHUUDWLRDQGYLUWXDOVSOLWSRZHU:DQJ
+XLZXHWDO>@DQDO\]HGWKHFKDUDFWHULVWLFVRIWKHSRZHUIORZWUDQVPLVVLRQHIILFLHQF\DQGVHOIORFNFRQGLWLRQV
DQGSURSRVHGDQHZDQDO\VLVPHWKRGRIFULWLFDOSRZHUGHVLJQSDUDPHWHUVZKLFKLVWKHUDWLRRIWKHPDLQEUDQFKSRZHU
WRWKHLQSXWWRWDOSRZHU'RQJ:DQIXHWDO>@DQDO\]HGWKHSRZHUIORZEDVHGRQWKHUHODWLRQVKLSGLDJUDPEHWZHHQ
WKH VWUXFWXUH DQGSRZHU IORZRI FORVHGSODQHWDU\ JHDU WUDLQ/L4LQJNDL HW DO >@ DSSOLHG ERQG JUDSK WKHRU\ WR
DQDO\]HWKHSRZHUIORZRIWKHFORVHGSODQHWDU\JHDUWUDLQ
7KH PHWKRGV UHSRUWHG ZHUH FXPEHUVRPH WR DQDO\]H SRZHU IORZ RI WKH FRPSOH[ DQG FORVHG SODQHWDU\ JHDUV
WUDQVPLVVLRQ DQG FDOFXODWH LWV HIILFLHQF\ 7KH\ ZHUH DOVR GLIILFXOW IRU SUDFWLFDO DSSOLFDWLRQ WKHUHIRUH PXFK RI
GLIILFXOWLHV IRU GHVLJQ ZRUN RI WKH FRPSOH[ DQG FORVHG SODQHWDU\ JHDUV WUDQVPLVVLRQ ZHUH FDXVHG DQG WKH
GHYHORSPHQWDQGDSSOLFDWLRQVZHUHUHVWULFWHGVHULRXVO\7KHSRZHUGLVWULEXWLRQVRIWKHFRPSOH[DQGFORVHGSODQHWDU\
JHDUV WUDQVPLVVLRQV RI WKH DLUFUDIW HQJLQH SRZHU VSOLW SODQHWDU\ JHDU UHGXFHU LV DQDO\]HG DQG LWV WUDQVPLVVLRQ
HIILFLHQF\LVFDOFXODWHGEDVHGRQWZRUXOHVZKLFKDUHDOO W\SHVRIFRPSOH[RUFRPSRXQGJHDUFDQEHGHFRPSRVHG
LQWR EDVLF JHDU WUDQVPLVVLRQ ZLWK D VLQJOH GHJUHH RI IUHHGRP RU WZR GHJUHHV RI IUHHGRP DQG WKH EDVLF JHDU
WUDQVPLVVLRQPHHWVZLWKWKHWRUTXHDQGSRZHUEDODQFH7KHUHVXOWVVKRZWKDWWKHJUDSKLFDOUHSUHVHQWDWLRQLVDVLPSOH
LQWXLWLYHDQGSUDFWLFDOPHWKRGIRUSRZHUDQDO\VLVDQGHIILFLHQF\FDOFXODWLRQLWFDQSURYLGHWKHRUHWLFDOUHIHUHQFHVIRU
GHVLJQZRUNRIWKHFRPSOH[DQGFORVHGSODQHWDU\JHDUVWUDQVPLVVLRQ
%DVLFJHDUWUDQVPLVVLRQ%*7DQDO\VLV>@
2.1. Structure Kinematic and power analysis of BGT 
$OO W\SHV RI FRPSOH[ RU FRPSRXQG JHDU FDQ EH GHFRPSRVHG LQWR EDVLF JHDU WUDQVPLVVLRQ ZLWK D VLQJOH
GHJUHHRI IUHHGRPRU WZRGHJUHHVRI IUHHGRP7KHNLQHPDWLF UHODWLRQRI%*7LVVKRZQLQ)LJZKHUH i j
UHSUHVHQWWKHJHDUkUHSUHVHQWVWKHJHDUIUDPHGUHSUHVHQWVWKHJHDUPHVKLQJSDLUR DDQGR EUHSUHVHQW
WKHURWDWLQJSDLUVRIWKHJHDUi jZLWKWKHJHDUIUDPHk


)LJ.LQHPDWLFUHODWLRQVRIWKHJHDUiJHDUjDQGJHDUIUDPHk
7KHQXPEHURIWHHWKUDWLRRIWKHJHDUiDQGWKHJHDU jLVVKRZQDVIRUPXOD
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ZKHUHRmLVWKHJHDUUDWLRRIWKHJHDUiDQGWKHJHDU jLQWKHmWKFLUFXLWzimDQG zjmDUHQXPEHURIWHHWKRIWKH
JHDU iDQGWKHJHDUjZKHUHWKHVLJQUHSUHVHQWVLQWHUQDODQGH[WHUQDOJHDUSDLUVUHVSHFWLYHO\
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7KHNLQHPDWLFHTXDWLRQRIWKHJHDUiWKHJHDUjDQGWKHJHDUIUDPH kLVVKRZQDVIRUPXOD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
ZKHUHȦiȦjDQGȦkDUHWKHDQJXODUYHORFLW\RIWKHJHDUiWKHJHDUjDQGWKHJHDUIUDPHk
7KHWRUTXHDQGSRZHUEDODQFHHTXDWLRQRIWKHJHDU iWKHJHDU jDQGWKHJHDUIUDPHkDUHVKRZQDVIRUPXOD

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ZKHUHTimTjmDQGTkmDUH WKH WRUTXHRI WKHJHDU i WKHJHDU j DQGWKHJHDU IUDPHkPimPjm DQGPkmDUH WKH
SRZHURIWKHJHDUiWKHJHDUjDQGWKHJHDUIUDPHk
2.2. Efficiency analysis of BGT 
7KHWUDQVPLVVLRQUHODWLRQGLDJUDPRI%*7FDQEHGUDZQE\WKHIROORZLQJPHWKRG7KHJHDUiWKHJHDUMDQG
WKHJHDUIUDPHNDUHVKRZQE\QRGHDQGWKHLUQXPEHUVWKHEDVLFFLUFXLWFRPSRVHGRIWKHJHDU iWKHJHDU jDQG
WKHJHDUIUDPHkLVVKRZQE\FLUFOH DQGWKHLUQXPEHUV7KHVLJQ DQGLWVQXPEHULQGLFDWHRQHRIWKHJHDUi
WKHJHDU jRUWKHJHDUIUDPHkLVIL[HG$OOEDVLFFLUFXLWDQGQRGHVPHHWZLWKWKHSRZHUEDODQFHHTXDWLRQRIWKH
JHDU iWKHJHDU jDQGWKHJHDUIUDPH k.
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6'2)RQO\KDVEDVLF W\SHV
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QXPEHURIWKHJHDU izjLVWKHWHHWKQXPEHURIWKHJHDU jİ gpEİ gpEİĮ İİgLVIURPSLWFKSRLQWpWR
PHVKLQJ ILQLVKSRLQWBg LV IURPPHVKLQJVWDUWLQJSRLQWBWRSLWFKSRLQWppELVEDVHSLWFK LQ WKLVSDSHU
Șij0 >@
7KH WUDQVPLVVLRQ UHODWLRQGLDJUDPRI%*7ZLWK WZRGHJUHH RI IUHHGRP DUH DOVR RQO\  EDVLF W\SHV7KH
WUDQVPLVVLRQ HIILFLHQF\ H[SUHVVLRQ RI WKH EDVLF FLUFXLW RI WKH IROORZLQJ H[DPSOH RI VLQJOHLQSXW GXDORXWSXW
6,'2ZLOOEHGHULYHG7KHJHDUiDVLQSXWWKHJHDUj DQGWKHJHDUIUDPHkDVRXWSXWVVHH)LJWKHLUEDVLF
FLUFXLWVPHHWZLWKWKHIRUPXODDQG'XULQJGHULYLQJWKHWUDQVPLVVLRQHIILFLHQF\FDOFXODWLRQIRUPXODRI
WKH6,'2EDVLFFLUFXLWLWLVDVVXPHGWKDWWKHJHDUjRUWKHJHDUIUDPHkLVIL[HGHYHU\WLPHDQGWKHQFRPELQH
WKHLU SRZHU EDODQFH HTXDWLRQ VR WKH WUDQVPLVVLRQ HIILFLHQF\ FDOFXODWLRQ IRUPXOD RI WKH 6,'2 EDVLF FLUFXLW
VKRZQLQ)LJFDQEHGHULYHG

)LJ6,'2EDVLFFLUFXLWWUDQVPLVVLRQGLDJUDP
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)LUVWO\DVVXPLQJWKHJHDUjLVIL[HGWKHHIILFLHQF\ Șj(i-k) FDQEHFDOFXODWHGE\WKHIRUPXOD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3.1. 2K-H planetary gears transmission power diagram and power balance equations 
.+SODQHWDU\JHDUVWUDQVPLVVLRQSRZHUGLDJUDPLVJUDSKLFDOUHSUHVHQWDWLRQPHWKRGWKDWODEHOVSRZHUV\PEROV
RQHDFKEDVLFFLUFXLWRISODQHWDU\JHDUVWUDQVPLVVLRQZKLFKLVFRPSRVHGRI%*7$OOEDVLFFLUFXLWVDQGQRGHVRI.
+ SODQHWDU\ JHDUV WUDQVPLVVLRQ SRZHU GLDJUDP PHHW ZLWK WKH SRZHU EDODQFH HTXDWLRQ .+ SODQHWDU\ JHDUV
WUDQVPLVVLRQSRZHUGLDJUDPDQGWKHSRZHUEDODQFHHTXDWLRQVDUHVKRZQLQ7DEOH
)URPWDEOHLWFDQEHIRXQGWKDWWKHQDWXUHRISRZHUGLDJUDPDQGSRZHUEDODQFHHTXDWLRQVEHWZHHQ1*:W\SH
DQG 1: W\SH SODQHWDU\ JHDUV WUDQVPLVVLRQ DUH WKH VDPH DQG WKH QDWXUH RI SRZHU GLDJUDP DQG SRZHU EDODQFH
HTXDWLRQVEHWZHHQ11W\SHDQG::W\SHSODQHWDU\JHDUVWUDQVPLVVLRQDUHDOVRWKHVDPH
7DEOH.+SODQHWDU\JHDUVWUDQVPLVVLRQSRZHUGLDJUDPDQGEDODQFHHTXDWLRQV
7UDQVPLVVLRQW\SH 1*: 1: 11 ::
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3.2. Application Example 
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JHDULQ7DEOH
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   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%DVLFFLUFXLW i j k Rm 
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